THE FLORAL STRUCTURE OF THREE WEEDY SPECIES OF SIDA (MALVACEAE)
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ABSTRACT

Malvaceae sensu lato is monophyletic and is characterized by the presence of nectaries of glandular trichomes, located internally at the base
of the calyx. The genus Sida has been heterogeneous since its origin; however, there has been a reduction in the size of the genus with the
removal of many species to other genera, giving a more natural and definable residual group subdivided into 11 sections. The aims of this
work were to describe and compare the floral structure of three weedy species Sida rhombifolia, S. urens, and S. regnellii, using a traditional
anatomical approach, along with scanning electron microscopy analysis. The comparative study of the three Sida species allows us to sug-
gest that some structural characters are shared, i.e., the hypodermis in the sepal and ovary wall, trichomatous calyx nectary, perianth with
homogeneous mesophyll, and anther with a middle layer and plasmodial tapetum type, and they may reinforce the natural residual group of
Sida. On the other hand, other floral characters have some diagnostic value for classification at the species level, such as the style structure
being solid or riftin the center.
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RESUMO

Malvaceae sensu lato ¢ monofilética e se caracteriza pela presenca de nectarios que consistem de tricomas glandulares localizados interna-
mente na base do calice. O género Sida é considerado como heterogéneo na sua concep¢ao inicial, mas ultimamente ele tem sido reduzido de
tamanho com aremocio de vdrias espécies para outros géneros, tornando-o um grupo natural residual subdividido em 11 se¢des. O objetivo
deste trabalho foi descrever e comparar a estrutura floral de trés espécies invasoras, Sida rhombifolia, S. urens e S. regnellii, utilizando-se de
estudo anatomico tradicional e analise em microscopia eletronica de varredura. O estudo comparativo das trés espécies de Sida permite
sugerir que alguns caracteres estruturais sao comuns as espécies, como presenca de hipoderme na sépala e parede do ovirio, nectdrio cali-
cino tricomatoso, perianto com mesofilo homogéneo, e antera com uma camada média e tapete plasmodial, o que reforca o género Sida como
um grupo natural residual. Por outro lado, outros caracteres florais tém algum valor diagnéstico para separacio das espécies, como, por
exemplo, a estrutura do estilete que pode ser solido ou apresentar fenda na regiao central.

INTRODUCTION

When circumscribed broadly to include four families (i.e., Tiliaceae, Sterculiaceae, Bombacaceae, and Malva-
ceae — sensu stricto), Malvaceae sensu lato is monophyletic (Judd et al. 2002). It is characterized by the pres-
ence of nectaries of glandular trichomes, located internally at the base of the calyx or, with less frequency, on
the petals or on the androgynophore (Judd & Manchester 1997). This circumscription is also supported by
adnation of the androecium to the corolla and usually the presence of unilocular anthers, although Tiliaceae
and Sterculiaceae often retain numerous stamens with 2-locular anthers (Judd et al. 2002). More recently,
Malvaceae sensu lato has been divided into nine subfamilies (as discussed in Tate et al. 2005): Bombacoideae
(formerly Bombacaceae, in part), Brownlowioideae, Byttnerioideae, Dombeyoideae, Grewioideae, Helicteroi-
deae, Malvoideae (formerly Malvaceae), Sterculioideae (formerly Sterculiaceae, in part), and Tilioideae (for-
merly Tiliaceae, in part). The Malvoideae are sometimes called the “core” Malvaceae s.str., and some authors
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continue to retain this family name for this core group alone. Prior to that, Bayer and Kubitzki (2003) divided
the subfamily Malvoideae into four tribes: Gossypieae, Hibisceae, Kydieae, and Malveae. Traditionally, mem-
bers of the Malveae have been characterized by a combination of several morphological characters: schizocar-
pic fruits (sometimes a capsule), three to over 20 mericarps with an equal number of free styles, antheriferous
apex of the staminal column and the absence of lysigenous cavities (“gossypol glands”) (Fryxell 1988; Bayer &
Kubitzki 2003; Tate et al. 2005).

According to Fryxell (1985), the genus Sida has been heterogeneous since its origin as botanists tended to
put into Sida any member of the Malvaceae that are uniovulate and without an involucel. However, there has
been a reduction in the size of the genus with the removal of many species to other genera, giving a more natu-
ral and definable residual group. Fryxell (1985) subdivided this residual group into 11 sections.

The aims of this study were to describe and compare the floral structure of three weedy species of Sida,
namely S. rhombifolia L., S. urens L., and S. regnellii R.E. Fr. Economically, the Malvaceae s.1. are important ei-
ther ornamentally (for instance, the genera Alcea, Hibiscus, and Malvaviscus) or in the textile industry (e.g.
Gossypium and Urena), or as weedy plants, such as Sida, a genus that can be very detrimental to the agricul-
tural economy (Bovini et al. 2001).

MATERIAL AND METHODS

Plant material

Floral buds and flowers of the three weedy species were collected in the city of Maringd, Brazil (state of Parand):
S. rhombifolia at 506 m altitude, 23°24'13.3" latitude and 51°56'21.17" longitude; S. regnellii at 539 m altitude,
23°24'43.0" latitude and 51°56'29.6" longitude; and S. urens at 518 m altitude, 23°24'13.1" latitude and
51°5620.4" longitude. Voucher materials were identified by Massimo Giuseppe Bovini (RB) and deposited at
HUEM (Herbarium of the Universidade Estadual de Maringd) with these accession numbers: S. urens:19909 (J.
Muneratto 001); S. rhombifolia:19910 (J. Muneratto 002); and S. regnellii:19911 (J. Muneratto 003).

Anatomical analysis

The material was fixed in glutaraldehyde (1% in 0.1M phosphate buffer, pH 7.2) and then conserved in 70%
ethanol (Johansen 1940). The fixed material was embedded in historesin (Gerrits 1991), sectioned (cross- and
longitudinally) in a rotation microtome, and stained in toluidine blue (O’Brien et al. 1964). Specific micro-
chemical tests were done for lipid substances (Sudan IV and Sudan Black), tannins (ferric chloride), starches
(iodine-potassium iodide test), lignins (phloroglucin test) and calcium crystals (sulfuric acid) (Sass 1951;
Rawlins & Takahashi 1952; Ruzin 1999). Images were taken using Leica ICC50 and Olympus BX50 optical
microscopes with digital camera attachments.

Scanning Electronic Microscopy analysis

Micromorphological analysis of the floral buds and flowers was done with material fixed in Karnovsky solu-
tion (Karnovsky 1965). Samples were processed and then mounted on aluminum stubs, gold coated, examined
using scanning electron microscopy (Shimadzu SS-550 Superscan), and digitally photographed.

RESULTS

Perianth

The flowers (Fig. la—c) in all three of the Sida species investigated are actinomorphic, hermaphrodite, with
yellowish (S. urens and S. rhombifolia - Fig. 1a,b) and whitish (S. regnellii - Fig, 1¢) petals, distinct from the green
calyx (Table 1).

The five sepals are green in color, connate in the basal half, and with free triangular lobes. The uniseriate
adaxial epidermis is made of cuboid or tabular cells with outer and inner periclinal walls thicker than the an-
ticlinal ones (Fig. 2a,a"). The abaxial sepal epidermis is uniseriate with trichomes and stomata in all species and
has cells with sinuous anticlinal walls in S. rhombifolia and S. urens. The stomata found in the sepals of the
species are anisocytic and paracytic in S. regnellii and S. rhombifolia and anisocytic in S. urens (Table 1). The
trichomes are non-glandular and glandular (Fig. 1d,f,g—1). Unicellular non-glandular trichomes occur only in
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Fig. 1. General morphology of the flower in frontal view of Sida rhombifolia (a), S. urens (b), and S. regnellii (c); scanning electron micrographs (SEM)
of the calyx surface showing trichomes in S. regnellii (d-g), d. Abaxial face, apical region. e. Nectary (trichomes). f-g. Abaxial face. Sida urens (h-i).
h. Adaxial surface. i. Abaxial face. Arrowheads indicate unicellular trichomes, long arrow shows stellate trichomes, and short and interrupted arrows
indicate glandular trichomes with a small and long stalk, respectively. Scale bars: 0.5 cm (a,c), 1.5 cm (b), 50 pm (d,f,g), 100 pm (e,h,i).

Taete 1. Flower characters which have diagnostic value for separation of Sida rhombifolia, Sida urens, and Sida regnellii.

Characters Sida rhombifolia Sida urens Sida regnellii

Flowers Yellowish Yellowish Whitish

Sepal epidermis abaxial Sinuous anticlinal walls Sinuous anticlinal walls Straight anticlinal walls
Sepal stomata Anisocytic/paracytic Anisocytic Anisocytic/paracytic
Unicellular nonglandular trichomes in sepals Absent Present Absent

Sepal spongy parenchyma 2-3 cell layers 2-6 cell layers 4-5 cell layers

Stalk base/glandular trichomes (nectary) 3-4 layers 3-4 layers 1-2 layers

Petal shape Asymmetric Obcordate Asymmetric

Petal fasciculate trichome Present Absent Present

Ovary carpels 9-1 5 5

Ventral vascular bundles of the ovary 9-11 5 5

Style Hollow/solid in the base Solid Solid with reduced rift

S. urens (Fig. 1i), and this species has epidermal cells completely surrounding the base of the trichome. Stellate,
multicellular, non-glandular trichomes occur on the sepals of all three species (Fig. 1g). Also occurring in
these three species are multicellular glandular trichomes (Fig. 1g-i), consisting of a small stalk and a head of
several secretory cells or a long stalk and a unicellular secretory head. In the adaxial surface of the Sida sepals
are found crystalliferous cells (druses) in the hypodermis, which have a U-shaped wall thickness (Fig. 2a,2).
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The S. rhombifolia has alesser developed hypodermis in the abaxial surface (Fig. 2a,a). The mesophyll (Fig. 2a)
has spongy parenchyma with mucilaginous cells and cavities, exhibiting two or three cell layers in S. thombi-
folia, four or five in S. regnellii, and two to six in S. urens.

The nectary (Fig. le; 2b—c) occurs close to the base of the calyx (Fig. le) and is a carpet-like tissue made
of multicellular clavate glandular trichomes and a subtending reduced secretory parenchyma, which is sup-
plied by xylem and a greater proportion of phloem elements. The glandular trichomes have a uniseriate or
pluriseriate stalk and a unicellular head (Fig. 2¢). The trichomes are longer in S. rhombifolia than in the other
species; the stalk base of this S. rhombifolia and S. urens has a thickness of three or four cell layers, while S.
regnellii has a base with one or two layers (Table 1).

The corolla shows adnation to the androecium, and the petal shape varies among the Sida species. Sida
urens has symmetrical obcordate petals (Fig. 1b; 2f), while in S. rhombifolia (Fig. 1a) and S. regnellii the petals
are obcordate but very asymmetrically so. The petal epidermis of S. rhombifolia and S. regnellii (Fig. 2d,e, re-
spectively) is uniseriate with mucilage idioblasts and glandular and non-glandular trichomes. The mesophyll
(Fig. 2d.e) is composed of a homogeneous parenchyma with mucilage cellsand cavities. The petal vasculariza-
tion (Fig. 2d,e) consists of a central bundle and six to nine minor bundles.

Androecium

The androecium consists of filaments joined to form a tube (filament tube) (Figs. 3b; 5e) that surrounds the
style (Figs. 4a,c; 5b—f). The anthers (Fig. 3a) are dorsifixed, bisporangiate, longicidal, and septate monothecal.
The filament tube is composed of internal and external uniseriate epidermis of cuboid or elongated cells and
capitate glandular trichomes; the inner parenchyma has mucilage cells (Fig. 4a,c), and the vascular system
consists of 10 collateral vascular bundles arranged in pairs.

The wall of the young anther (Fig. 3¢) has epidermis, endothecium with thin-walled cells, a middle layer
of elongated cells and a tapetum made of a layer of cells. Later, the cell walls of the tapetum undergo disintegra-
tion, and the protoplasts of the tapetum cells remain available among the pollen grains during their develop-
ment (Fig. 3d). In the developing anther, the endothecium cells acquire thickenings in the anticlinal walls and
in the inner periclinal wall, the middle layer disintegrates, and the tapetum protoplast is absorbed (Fig. 3e, ).
The connective consists of papillose epidermis, parenchyma with druse idioblasts and one vascular bundle.

Gynoecium

The structure of the style differs among the three species (Table 1) when seen in cross section. In S. rhombifolia
the style is hollow for the most part (Fig. 4b), being solid only in the base; in S. regnellii the style has a reduced
rift (Fig. 4c); and S. urens, in turn, has an entirely solid style (Fig. 4d). The style is composed of uniseriate epi-
dermis, parenchyma and strands of transmitting tissue, one for each carpel, with 11 in S. rhombifolia (Fig. 4b)
and five in the other two species (Fig. 4d). The stigma consists of papillate epidermis (Fig. 4e,f).

The ovary presents many carpels and locules (Fig. 5a—e) (five in S. regnellii and S. urens, and nine to 11 in
S. thombifolia) (Table 1). There is one ovule in each locule, and the placentation is axial (Fig. 5b—f). The style
consists of a single column (solid or rifted, depending of the species, according to the description above) (Fig.
5b-1). Close to the apex the style starts to lose the fused shape and separates into free branches, which corre-
spond to each stigma lobe, in which the number of stigma lobes and locules is the same. The ovary wall (Fig.
6a—t) has glabrous uniseriate outer epidermis with cuboid cells in S. regnellii and S. urens, and cuboid to cylin-
dricin S. rhombifolia. The ovary mesophyll (Fig. 6a—f) is parenchymatous, spongy and homogeneous with two
or three cell layers in the middle region; the remainder (base and apex) of the ovary consists of five cell layers.
A crystalliferous hypodermis (druse cells) is present in the wall ovary (Fig. 6b), although some cells lack crys-
tals in S. urens. The inner epidermis undergoes cell division periclinally to the ovary surface resulting in a tis-
sue with two or three cell layers (Fig. 6b), the precursor of the endocarp.

In the ovary, all species studied here had septa (Fig. 6a,c,e) made up of an epidermis of one or two layers
of cells and bi- to multilayered spongy parenchyma tissue with scattered druse idioblasts. The ovary vascula-
ture is made of a median dorsal bundle (Fig. 6b,d), one or two lateral bundles, and a ventral or placental bundle.
The number of ventral bundles differs among the species, with nine to 11 bundles in S. rhombifolia (Fig. 6¢) and
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Fi6. 2. Perianth structure of S. rhombifolia (a,a’d), S. regnellii (c,e), and S. urens (b,f), in cross-section and scanning electron micrograph {SEM). a. Calyx.
a’. Details of the epidermis. b. Nectary in SEM. c. Nectary longitudinal section. d—e. Petals. f. Petal base in SEM. Arrow indicates hypodermis cells with
U-shaped wall thickness. Scale bars: 100 pym (a,c,e,f), 30 pm (a’), 50 pm (b,d).

five in S. regnellii (Fig. 6¢) and S. urens, which corresponds to the same number as the carpels and styles, and
the same numbers of mericarps in the developed [ruit (Muneratto & Souza 2013). In the parenchyma close to
the ventral bundles (Fig. 6a,c,e), there are mucilaginous and druse cells. The ovules (Fig. 6a—f) are bitegmic,
crassinucellate, with an outer integument made up of two layers of cell, and multiseriate inner integument.

DISCUSSION

The trichomatous calyx nectary of the Sida species analyzed here is one of the features that characterize the
core Malvales (Malvaceae s.l. including Bombacaceae, Malvaceae, Sterculiaceae, and Tiliaceae) (Vogel 2000;
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Fi. 3. Anther structure and filament tube of S. regnellii (a,b,f); anther structure of S. urens (c) and S. rhombifolia (d,e). a. Mature anthers - SEM. b.
Apex of the filament tube with glandular trichomes - SEM. ¢. Inmature anther in cross-section. d. Anther detail visualizing plasmodial tapetum among
microspores. e. Immature anther in cross-section without middle layer and tapetum. f. Mature anther in cross-section with septum. * indicates the
stigma branches/lobes. White arrow shows septum of the anther. Black arrow indicates the tapetum protoplast among microspores in development.
(en = endothecium; ml = middle layer; ta = tapetum). Scale bars: 200 pm (a), 50 pm (b—f).

Leitdo et al. 2005). According to Vogel (2000), the trichomatous calyx nectary may have evolved from hyda-
thodes, which provide moisture to protect floral primordia from desiccation, being active in the bud stage. As
discussed by Bernardello (2007), trichomes are by far the most common epidermal nectaries in Angiosperms,
and the nectariferous trichomes may have taxonomic importance in defining related plants groups, such as
Bombacoideae and Malvoideae.
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Fi. 4. Filament tube and stigma structure of S. rhombifolia (a,b), S. regnellii (c,e—f), and S. urens (d). a-d. Cross Sections. e. Longitudinal view. f.
Longitudinal section. a. Apex of the filament tube surrounding the stigma branches/lobes, with detail of the epidermis and vascular bundles of the
filament tube. b. Style in cross sections - middle region - with detail of the transmitting tissue. ¢. Filament tube surrounding the style — middle region.
d. Style — middle region. e. Stigma in SEM. f, Stigma. Asterisk indicates the strands of transmitting tissue. (fb = stigma lobes; st = style). Scale bars:

100 pm (a—d,f), 50 pm (e).

The calyx of the three Sida species may develop different functions, acting as a photosynthetic organ, a
protective organ of floral bud, or an attraction for pollinators. The photosynthetic function is related to the
presence of chlorenchyma in the sepal mesophyll. The protective function of the sepal may be executed by the
differentiation of a crystalliferous hypodermis with U-shaped wall thickening cells. Attraction of pollinators
may be performed by means of nectaries that consist of glandular trichomes located at the base of the sepals.
The broad variety of functions of the calyx is known in some groups of plants, such as Fabaceae, Lamiaceae,
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Fi. 5. Morphology of the ovary of S. rhombifolia (a,b), S. urens (¢,d), and S. regnellii (e,f). a, ¢, e. Ovary/gynoecium in SEM. b, d, f. Flower in longitudinal
section showing ovary and other floral organs. (an = filament tube; ne = nectary; pe = petal; se = sepal; st = style). Scale bars: 500 pm (a,e) 250 pm
(bcd/f).

Malpighiaceae, and Ranunculaceae (Roth 1977, Weberling 1992; Endress 1994). Unfortunately we do not have
supplementary data concerning the time of activity about the trichomatous calyx nectary in the Sida species
nor information concerning the visitors of these flowers, in order to ascertain the role of these nectaries in the
pollination system of these species. However, we can assume a nuptial function (i.e., they are involved in pol-
lination events, sensu Almeida et al. 2013) of the carpet-like nectaries on the sepals of Sida species, since the
flowers of Malvaceae s.I. (Vogel 2000) do not have an annular nectary (nectariferous disk) to attract the pollina-
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Fig. 6. Ovary and ovule structure of S. urens (a,b,f), S. regnellii (c, d), and S. rhombifolia (e) in cross-sections (a—e) and longitudinal section (f). (ca=
calyx; co = corolla; oi = outer intequment; ov = ovule; ow = ovary wall). Asterisk indicates the vascular bundle, and the black arrow shows the septum.
Scale bars: 50 pm.

tors, and these nectaries can be accessed via the gaps at the base of the corolla lobes in the region of adnation
between petals and the filament tube (Vogel 2000; Bernardello 2007).

Dahlgren (1991) introduced a classification based on Davis (1966) of the different types of anther wall
formations, in which four types were presented: basic, dicotyledonous, monocotyledonous, and reduced. He
reported the basic type of anther wall formation, characterized by two middle layers, for some taxa of Malvales.
In contrast, the Sida species studied here has only one single middle layer in the anther wall, placing it clearly



136 Journal of the Botanical Research Institute of Texas 8(1)

in the dicotyledoneous type. Other species of Malvaceae also have only one middle layer in the anther wall,
such as Sida cordifolia L. (Rao 1954) and Modiolastrum malvifolium (Griseb.) K. Schum. (Galati et al. 2007), in-
dicating the necessity for new studies concerning the anther development in this group of plants.

In all Sida species investigated here, the tapetum is of the plasmodial type, although fusion between pro-
toplasts of the microspores was not observed. Embryological studies in Malvaceae (Rao 1954) showed that as
the microspores enlarge, the protoplasts of the tapetum cells become smaller and smaller until they are ab-
sorbed; in addition, according to Rao (1954), they may disappear or their remnants may persist until the pollen
grains have become 2-nucleate and nearly mature, as shown in Sida carpinifolia Mill.

The style may be hollow or solid, depending on the degree of closure of the fused or free carpels (Fahn
1990). The analyzed styles of the Sida flowers are quite distinct. The solid type is restricted to S. urens, and hol-
low type with solid base occurs in S. rhombifolia. Unlike these two species, S. regnellii has a narrow single canal
occupying the center of all styles. The style structure might be a reasonable alternative to the identification of
the Sida species. In fact, there has been little research dealing with the style structure. Nevertheless, Souza et
al. (2001) found similar results in three species of Trichilia P. Browne (Meliaceae); that is, T. elegans A. Juss. has
asolid style, T. catigua A. Juss. a hollow style, while T. pallida Sw. has a narrow canal in its style. This variation
in the style structure among species of the same genus may occur in other genera from the clade Eurosids II.

Our results showed mucilaginous cells and cavities in the flowers of the three species, which usually oc-
curs in the Malvaceae (Metcalfe & Chalk 1957; Esau 1974; Fahn 1979). However, there are differing opinions
concerning the development of cavities in some taxa, as pointed out by Evert (2006). The cavities present in the
flowers of Malvaceae have been reported as both schizogenous and lysigenous (Fahn 1979 and references
therein). Metcalfe and Chalk (1957) recorded lysigenous secretory glands (cavities) in the leaves of Malvaceae
species. Even though for Evert (2006) the concept of lysigenous cavity development is questionable, here, we
consider it as lysigenous since they are formed by the disintegration of mucilaginous cells and surrounding
parenchymatous cells.

The comparative study of these three Sida species allows us to suggest that some structural characters are
shared, i.e., the hypodermis in the sepal and ovary wall, trichomatous calyx nectary, perianth with homoge-
neous mesophyll, anther with a middle layer and plasmodial tapetum type. These characters may reinforce the
natural residual group of Sida as proposed by Fryxell (1985). On the other hand, Table 1 shows some floral
characters which may have some diagnostic value for classification at the species level, such as the style struc-
ture being solid or rift in the center.
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